Abstract Purpose: To identify reasons for ordering computed tomography pulmonary angiography (CTPA), to identify the frequency of reasons for CTPA reflecting defensive behavior and evidence-based behavior, and to identify the impact of defensive medicine and of training about diagnosing pulmonary embolism (PE) on positive results of CTPA. Methods: Physicians in the emergency department of a tertiary care hospital completed a questionnaire before CTPA after being trained about diagnosing PE and completing questionnaires. Results: Nine hundred patients received a CTPA during 3 years. For 328 CTPAs performed during the 1-year study period, 140 (43 %) questionnaires were completed. The most frequent reasons for ordering a CTPA were to confirm/rule out PE (93 %), elevated D-dimers (66 %), fear of missing PE (55 %), and Wells/simplified revised Geneva score (53 %). A positive answer for ''fear of missing PE'' was inversely associated with positive CTPA (OR 0.36, 95 % CI 0.14-0.92, p = 0.033), and ''Wells/simplified revised Geneva score'' was associated with positive CTPA (OR 3.28, 95 % CI 1.24-8.68, p = 0.017). The proportion of positive CTPA was higher if a questionnaire was completed, compared to the 2-year comparison period (26.4 vs. 14.5 %, OR 2.12, 95 % CI 1.36-3.29, p \ 0.001). The proportion of positive CTPA was nonsignificantly higher during the study period than during the comparison period (19.2 vs. 14.5 %, OR 1.40, 95 % CI 0.98-2.0, p = 0.067). Conclusion: Reasons for CTPA reflecting defensive behavior-such as ''fear of missing PE''-were frequent, and were associated with a decreased odds of positive CTPA. Defensive behavior might be modifiable by training in using guidelines.
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Introduction
Acute pulmonary embolism (PE) is a disease with an annual incidence of approximately 3-6 cases per 10,000 persons in the general population [1, 2] . Symptoms of PE range from no symptoms at all to chest pain or dyspnea and can result in pulseless electrical activity or cardiac arrest. Depending on the clinical presentation and severity of PE, the case fatality rate ranges from less than 1 % to about 60 % [3] . Diagnostic tools such as the D-dimer assay and computed tomography pulmonary angiography (CTPA) are recommended in the diagnostic workup of suspected PE [4] . The value of these tests, however, depends on the clinical pretest probability, which can be estimated by calculating validated Wells and simplified revised Geneva scores (Wells/Geneva score, see table in the supplementary appendix) [5, 6] .
Surveys suggest that defensive medicine plays a role in ordering computed tomography examinations (CT). Defensive medicine is defined as the ordering of treatments, tests, and procedures with the primary aim of protecting the physician from liability rather than of substantially furthering the patient's diagnosis or treatment [7] . In a 2005 survey, Studdert et al. [8] showed that 93 % of questioned physicians in Pennsylvania reported that they practiced defensive medicine, and that 63 % of emergency department physicians ordered radiological tests that were not indicated. A 2008 survey from Massachusetts revealed that 23 % of all types of CTs were ordered for defensive reasons [9] . However, European data about defensive medicine and data about reasons for practicing defensive medicine are scarce. In this study, we therefore aimed to evaluate physicians' motivations for ordering a CTPA. We hypothesized that defensive factors, such as fear of missing PE or demand from the patient or his/her relatives, could be a common reason for ordering an unnecessary CTPA, and that documentation of motivations for ordering a CTPA, coupled with appropriate training in medical decision making to diagnose PE, might influence the behavior of physicians and direct them towards evidence-based medicine.
Methods

Patients and physicians
This study analyzed the reasons for ordering CTPA, the frequency of reasons for CTPA reflecting defensive behavior and evidence-based behavior, and the impact of defensive medicine and of training about diagnosing pulmonary embolism (PE) on positive results of CTPA (positive CTPA, i.e., evidence of central, paracentral, segmental, or subsegmental embolism of the pulmonary artery in CTPA). For this purpose, from 1 February 2010 to 31 January 2011, all physicians of our tertiary care hospital's emergency department, caring for about 30,000 patients per year, were asked to complete an anonymous questionnaire and to assign the Wells/Geneva score on a voluntary basis before ordering CTPA, after being trained in diagnosing PE. We compared the proportion of positive CTPAs during the study period with a comparison period. Therefore, frequencies and results of CTPAs performed in the 2 years before the study period were also recorded. Thus, all patients who received CTPA for suspected PE at the emergency department from 1 January 2008 through 31 January 2011 were included, regardless of other additional reasons for the same CT (i.e., trauma, suspected cancer, aortic dissection, or pulmonary diseases). All patients were identified in our internal database.
Characteristics were recorded from all included patients. All patients were examined with a 16-row CT system (Somatom Sensation 16, Siemens, Erlangen, Germany). All CTPAs were reviewed by at least two radiologists, one of them a board certified radiologist with a minimum of 5 years of experience in CTPA. To measure D-dimers, the enzyme-linked fluorescent immunoassay VIDASÓ (bioMérieux, Marcy l'Etoile, France) was used, with a cutoff value of 500 ng/mL.
At our institution, every decision to perform a CTPA has to be discussed with a senior physician, with a minimum clinical experience of 5 years. Physicians working at the emergency department change regularly. Therefore, we evaluated the number of senior and assistant physicians working before and during the study from monthly duty rosters.
Questionnaire
The questionnaire (see figure in the supplementary appendix) comprised the following information: First, the physician (senior or assistant) ordering a CTPA filled in the pretest probability of PE (low, intermediate, high), regardless of whether the probability was estimated by using a score or by the physician's clinical experience. Second, the physician marked suggested reasons for ordering the CTPA on a scale from 0 (not relevant at all) to 10 (highly relevant). Suggested reasons to select were the Wells/Geneva score, elevated D-dimers, to confirm/ rule out PE, to expedite diagnosis, request of a consultant, request of the family doctor, request of a senior physician, request of the patient or his/her relatives, fear of missing PE, fear of being sued, and difficulty in evaluating medical history. The reason ''Wells/Geneva score'' reflected evidence-based behavior, and ''fear of missing PE'', ''request of the patient/relatives'', and ''fear of being sued'', reflected defensive behavior. ''Fear of missing PE'' was defined as evidence that CTPA was ordered because of anxiety of missing PE, although the physician did not really believe that the patient suffered from PE and that a CTPA was truly needed.
To clarify potential areas of confusion, the questionnaire was presented to a group of physicians prior to distribution. A sheet with the Wells/Geneva score calculation directions was provided with the questionnaire.
Training
At the beginning of the study period, or during the first week working at the emergency department, every physician received a one-to-one training session about estimating pretest probabilities using the Wells/Geneva score and about diagnosing PE using the D-dimer test and CTPA (i.e., that a non-elevated D-dimer test safely rules out PE in case of low or intermediate pretest probability). Instructions how to complete the questionnaire were given, and the meaning of ''fear of missing PE'' was explained. Physicians were reminded each week to follow these guidelines and to complete the questionnaire.
Statistical analysis
For all statistical analysis, the statistical package R (The R Foundation for Statistical Computing Version 2.12.2) was used. The outcome measure was positive CTPA. Fisher's exact test was used to calculate p values to compare the characteristics of the patients who received a CTPA. A difference with a p value of less than 0.05 was considered to be significant. In order to investigate the relation of variables to positive CTPA, two multivariable logistic regression models were applied: In the first model, independent variables were ''calculated Wells/ Geneva score'' and positive answers for the reasons ''Wells/Geneva score'', ''elevated D-dimers'', ''fear of missing PE'', ''request of the patient/relatives'', and ''fear of being sued''. A positive answer was defined as any marked number from 1 to 10 on the scale from 0 to 10. If a scale was left empty, 0 was assumed. In the second model, independent variables were linear scale parameters of the reasons ''Wells/Geneva score'', ''elevated D-dimers'', ''fear of missing PE'', ''request of the patient/ relatives'', and ''fear of being sued''. For the linear scale parameters, the odds ratio (OR) was expressed as the ratio of the odds from the 3rd to the 1st quartile (75 and 25 percentile, respectively), representing a typical above average to a typical below average value. Logistic regression was used to investigate the relation of other variables to a positive CTPA. Independent variables were time periods (comparison period, study period), completed questionnaire, and pretest probability for PE (high vs. low). In an additional analysis of CTPAs evaluating patients for PE only, independent variables were time periods and completed questionnaire.
Ethics statement
The study was approved by the institutional review board and was conducted in compliance with the Declaration of Helsinki. The institutional review board approved the waiver of informed consent.
Results
Patients and physicians
Data from all included patients were available. From 1 January 2008 through 31 January 2011, a total of 1,119 CT exams of the chest were performed at the emergency department. Of these, 900 were CTPAs. Of 328/900 CTPAs performed during the study period, 140 (43 %) questionnaires were completed (Fig. 1) . Characteristics of patients who received a CTPA are shown in Table 1 . During the study period, there were significantly more patients with a sign of deep vein thrombosis than during the comparison period. In the group of patients with a completed questionnaire, there were significantly more patients with a sign of deep vein thrombosis and more patients on oral contraceptives than during the comparison period and than in the group of patients without a completed questionnaire during the study period. There was a median of 19 (range 16-22) senior physician positions, and there were 9 and 27 changes during the study and comparison period, respectively. Seven senior physicians worked through all 3 years. There was a median of 21 (range 18-29) assistant physician positions available. Assistant physicians rotated every 6-12 months. ''fear of missing PE'' (55 %). ''Wells/Geneva score'' was declared in 53 % of questionnaires (Fig. 2) . In multivariable logistic regression models, a positive answer and scale parameters for ''fear of missing PE'' were inversely associated with positive CTPA, whereas a positive answer (Table 2) . Pretest probability A pretest probability for PE before CTPA was defined in 137 out of 140 questionnaires. There were 40 high, 67 intermediate, and 30 low pretest probabilities. A calculated Wells/Geneva score was declared in 97 questionnaires (71 %) to be a contributing factor in defining pretest probability. High pretest probability for PE was associated with positive CTPAs compared to low pretest probability (62.5 vs. 10 %, OR 15, 95 % CI 3.87-58.08, p \ 0.001), whereas the proportion of positive CTPAs for intermediate pretest probability was 13 %. The proportion of positive CTPAs was much the same for high, intermediate, or low pretest probability if the pretest probability was estimated by calculating the Wells/Geneva score or if the score was not calculated. A positive answer for ''fear of missing PE'' was declared in 73 % of questionnaires if the pretest probability was low, 55 % if it was intermediate, and 43 % if it was high. In 25/140 (18 %) questionnaires, low or intermediate pretest probability was declared and CTPA was performed, although the D-dimer test was not elevated or not performed.
Positive CTPAs in the study and comparison periods During the study period, the proportion of positive CTPAs was not significantly higher than in the comparison period, but the proportion of positive CTPA was significantly higher if a questionnaire was completed compared to the comparison period and than if a questionnaire was not completed. There was no significant difference in the proportion of positive CTPAs if no questionnaire was completed, compared to the comparison period. These results were similar for those CTPAs evaluating patients for PE only and not for an additional disease (Table 3) .
Discussion
Our findings indicate that factors reflecting defensive behavior such as ''fear of missing PE'' were the reason for ordering CTPA in more than half of the orders, at a similar frequency to factors reflecting evidence-based medicine, such as the Wells/Geneva score. Factors like ''request from the patient or his/her relatives'' or ''fear of being sued'' played a minor role. This corresponds to a small number of prosecutions of physicians in Switzerland and stands in contrast to the USA where the risk of facing a malpractice claim is high [10] . Scale parameters of ''elevated D-dimers'' as a reason for a CTPA were associated with positive CTPA, although elevated D-dimers are not specific for PE [11] . However, our D-dimer test, if not elevated, can safely rule out PE in patients with low or intermediate probability for PE [12] . Thus, if used together with pretest probability, the reason ''elevated D-dimer'' can be seen as an element of evidence-based behavior.
After training in using evidence-based guidelines in diagnosing PE, the proportion of positive CTPAs increased, particularly in the group of patients for whom a questionnaire was completed. There were more patients with risk factors for PE in this group, indicating more careful selection of candidates for CTPA. Thus, our study The outcome measure was positive CTPA. For scale parameters from 0 to 10, the odds ratio (OR) was expressed as the ratio of the odds from the 3rd to the 1st quartile (75 and 25 percentile, respectively), representing a typical above average to a typical below average value. A positive answer was defined as any marked number from 1 to 10 on the scale might have directed physicians towards more evidencebased behavior by making them familiar with scores as a result of training, by considering pretest probabilities, and by documentation of reasons for ordering CTPA. However, although training was provided, the Wells/Geneva score was a reason for CTPA in half of the orders only, and guidelines were not respected in 18 % of orders (i.e., CTPA was performed in cases of low or intermediate pretest probability and the D-dimer test was either not elevated or not performed). This corresponds to the results of an international survey of emergency physicians analyzing awareness and use of the Canadian CT head rules and Canadian cervical spine rules; this found that only 12-33 % of physicians were using these guidelines, although the awareness of these guidelines was 31-80 % [13] . This is also analogous to the results of two studies in our emergency department that found that physicians adhered to evidence-based institutional guidelines in only half of the orders of CT of the head in patients with minor brain injury, and only a minority of physicians respected institutional guidelines for radiological tests when diagnosing acute appendicitis [14, 15] . Physicians who had ''fear of missing PE'', reflecting defensive behavior, had a significantly lower yield of positive CTPA, whereas physicians who considered the Wells/Geneva score to be a reason for CTPA, reflecting evidence-based behavior, had a better yield of positive CTPA, and ''fear of missing PE'' was present particularly in cases with low pretest probability for PE. This corresponds to a study in evaluating patients with possible acute cardiac ischemia, where fear of malpractice was associated with increased unnecessary hospitalization of low risk patients and increased use of diagnostic tests [16] . However, just the fact that the Wells/Geneva score was calculated was not associated with positive CTPA. But, patients with a high pretest probability for PE were more likely to have a positive CTPA, regardless of whether the pretest probability was estimated by using the Wells/Geneva score, or if it was estimated by considering other criteria (e.g., the Pulmonary Embolism Rule Out Criteria (PERC), including the risk factor oral contraceptive [17] ), or the clinical experience of the physician. Thus, the Wells/Geneva score should be seen as one possible tool for estimating the pretest probability of PE, among a variety of other factors that influence the estimation of pretest probability, such as all clinical experience and diagnostic skills of the physician.
The role of defensive medicine in driving up healthcare cost is controversial. However, there are estimates that defensive medicine costs the US health-care system up to 45-100 billion dollars annually and is thought to account for 5-25 % of all medical care costs in the USA [7, 9, 18, 19] . To reduce health-care cost, the need to reduce the practice of defensive medicine is emphasized, and education of physicians in evidence-based medicine is requested [19] .
Our study had several limitations: First, questionnaires were completed in only 43 % of the cases that a CTPA was ordered. This is in line with a meta-analysis of response rates to mail surveys published in medical journals, where the response rate of physicians was 54 ± 17 (mean (%) ± SD) [20] . Second, a selection bias for completing the questionnaire is conceivable, and the possibility cannot be excluded that physicians were influenced by a high probability of PE in deciding to complete the questionnaire. However, less than a third of questionnaires indicated high probability. Thus, it does not seem that the high yield of positive CTPAs of physicians who filled out questionnaires is just a result of selection bias. Third, we are not able to prove that the higher proportion of positive CTPAs during the study period was due to training and completing questionnaires. Different physicians were working during the time periods, so the difference could be due to better qualified In conclusion, reasons for ordering CTPA reflecting defensive behavior such as ''fear of missing PE'' were frequent in the setting of diagnosing PE in the emergency department, and were associated with a decreased odds of positive CTPA. We believe that physicians' defensive behavior is modifiable by teaching evidence-based guidelines to estimate pretest probabilities and by reminding physicians of their reasons for ordering diagnostic tests, e.g., by documentation of motivations. Future efforts should focus on knowledge translation and the implementation of existing guidelines.
